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Communicated by Marlene EvansThis note describes extended monitoring of two small headwater lakes in the Lockhart River in the Northwest
Territories (Canada) during consecutive late winter and spring transitions. During these transitions, the lakes
changed from isolated ice-boundwater bodies to interconnected lakes, throughout which they exhibited similar
modiﬁcations to their physico-chemical characteristics. Lake temperature changes were linked to ambient
conditions, with warming after May 1 initiating snow- and ice melt inﬂows. Lake temperatures of 3 °C to 4 °C
were measured in both lakes at the start of monitoring, which were maintained until a steady increase com-
menced in early June 1 as ice cover started to recede. This period was also associated with peak water levels
and lake discharges. Conductivity decreases (~26 to ~12 μS/cm in the larger, shallower lake, Area 8, to 16 to
11 μS/cm in the smaller, deeper lake, Lake I1) commenced around mid-May, in advance of lake temperatures
increases, and stabilized after approximately 3 weeks once lake ice had melted. The extent of lake dilution
based on conductivity decreases (54–56% in Area 8, and 31% in Lake I1) was attributed primarily to the ice
cover melt volume on each lake at the start of monitoring. DO concentrations were mostly undersaturated at
the start of the monitoring period, with values below aquatic life guidelines; Area 8 reached saturation once
lake conductivity stabilized, but Lake I1 was saturated once conductivity started to decrease. pH transitioned
from slightly acidic (~5.8; below aquatic life guidelines) to circumneutral, with the transition slightly different
between lakes depending on the lake conductivity transition.
© 2016 International Association for Great Lakes Research. Published by Elsevier B.V. All rights reserved.Index words:
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FreshetIntroduction
The remoteness of the Shield environment of northern Canada and
its extreme weather conditions make water quality data collection
very challenging. Data collection typically involves seasonal ﬁeld
programs, which include ﬁeld data and water sample collection that
comprise two or three surveys over the course of a year to capture
annual variability during under ice or open-water conditions. Field
data are often surface water spot measurements or water column pro-
ﬁlemeasurements collected at a single sampling location.Water quality
monitoring during the freshet period of ﬂow accompanying snowmelt
in such environments is even more difﬁcult due to access constraints
to sites and unsafe ice conditions.
Although many studies have reported extended periods of in situ
monitoring of physico-chemical parameters (e.g., dissolved oxygen
[DO], pH, speciﬁc conductivity, and temperature) in a range of aquatic
environments (e.g., Cornell and Klarer 2008, Baehr and Degrandpre,
2002), few have used this approach in northern environments
(e.g., Deshpande et al., 2015; Forsström et al., 2007). Such detailedes Research. Published by Elsevier Bphysico-chemical monitoring is not typically conducted in northern
lake environments, so the results presented here are unique and ad-
vance our knowledge of the physico-chemical changes that northern
headwater lakes undergo during seasonal transitions.
This paper describes the in situ monitoring results from two di-
lute, clear, headwater lakes near amining development in the North-
west Territories (Canada) during two consecutive late winter and
spring transitions. The study area was located at the De Beers
Canada Inc. (De Beers) Gahcho Kué Diamond Mine Project
(Project). The project is located approximately 280 km northeast of
Yellowknife, Northwest Territories, approximately 80 km southeast
of the Snap Lake Mine (Fig. 1; centered at 63°25′48″ N, 109°12′00″
W). The site of the project is Kennady Lake, a small headwater water-
shed within the Lockhart River watershed, which ultimately drains
into the north-eastern arm of Great Slave Lake (Fig. 1). These lakes
lie within a region dominated by a series of interconnected lakes
set in low-lying tundra (Fig. 1). The lakes are naturally developed
in granite in the Canadian Shield, which is largely non-erodible and
non-soluble, and thus the water quality of the waters draining this
geologic formation is characterized as virtually pristine, very dilute
(i.e., typical TDS of about 10 mg/L) and supporting low productivity
(i.e., low nutrient status, or oligotrophic). At the time of this study,.V. All rights reserved.
Fig. 1. Location of in situmonitoring locationswithin Area 8 and Lake I1, and the De Beers Gahcho Kué Project, in the headwater Kennady Lakewatershed of the Lockhart River watershed,
Northwest Territories. The Kennady Lake watershed boundary is shown and arrows are included to indicate the direction of ﬂow. Photo insert: aerial photo showing the monitoring
locations relative to the project on June 6, 2014.
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the Mackenzie Valley Environmental Impact Review Board.
This studywas undertaken in 2011 and 2012with the aim of provid-
ing a more comprehensive understanding of the baseline water quality
conditions in lakes within the project area, particularly the physico-
chemical changes in water quality that occur in northern lakes during
the transition between late winter and spring. This period included
the annual freshet at these lakes, when the most substantial alteration
in water quality conditions occurs each year. This seasonal transition
represents a change from initial ice-covered conditions, water level
increases as snowmelt starts to enter the lakes before there is any loss
of ice cover, the rapid onset of discharge from the lake outlets as the
lake ice loosens and lifts from the shore and outlet channels, a period
of peakﬂows and discharge from the ice- and snowmelt inﬂows, and ul-
timately open-water conditions as water levels and discharges subside
(De Beers Canada Inc., 2010). Thewater level increase and ice lift before
the downstream freshet ﬂows commence is a result of a backwater ef-
fect in the lakes due to ice blockage at the lake outlet, or in the small
lakes immediately downstream (De Beers Canada Inc., 2010). During
the transition, the water quality of these lakes shifts from slightly acidic
pH, low temperature, and undersaturated DO conditions during under
ice conditions at the end of winter, to circumneutral pH, higher temper-
ature, and saturated DO in late spring (Golder Associates Ltd., 2014).
The small lakes within the Canadian Shield that possess sufﬁcient
depth to provide at least 2 m of water below the ice cover in winter
also provide overwintering habitat potential for large-bodied ﬁshspecies, such as lake trout and Arctic grayling (De Beers Canada Inc.,
2010) despite the undersaturated conditions for oxygen. Temporary
changes to the productivity status in these lakes as a result ofmining ac-
tivities (e.g., mine discharges that possess elevated nutrients) or even
longer-term changes as a result of climate change (e.g., a potential in-
crease in watershed import of nutrients and dissolved organic matter
to these lakes) will increase primary production and affect the ability
of these small lakes to maintain overwintering habitat through increas-
ing winter oxygen demand. Therefore, data from enhanced monitoring
provide a basis against which measurements made in the small lakes
during mining operations can be compared to identify if changes to
water in the receiving environment have the potential to affect
overwintering habitat.
Methods
Two headwater lakes within the Kennady Lake watershed in close
proximity to the proposed project were selected for this monitoring
program. They included Area 8 of Kennady Lake (Area 8), the most
downstream basin of Kennady Lake, and Lake I1, a tributary lake that
ﬂows into Area 8 (Fig. 1). Area 8 has a surface area of 143 ha, a water-
shed area of 32.5 km2, a volume of 3.5 million m3, a maximum depth
of 9 m, and an average depth of 2.5 m (De Beers Canada Inc., 2010). De-
spite being the most downstream basin of Kennady Lake, Area 8 is iso-
lated from the upstream basins of Kennady Lake and the downstream
lakes in winter when ice develops in the shallow region of Kennady
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lake, with a surface area of 13 ha, a watershed area of 0.75 km2, a vol-
ume of 0.50 million m3, a maximum depth of 11 m, and an average
depth of 3.8 m (Golder Associates Ltd., 2012). Lake I1 is also isolated
during winter months due to the complete freezing of its inﬂow and
outﬂow channels.
Physico-chemical data were collected using two YSI 6600
datasondes deployed in the lakes over the transition from late winter
into spring (i.e., encompassing the freshet period). The sondes were
deployed under the ice in each lake on May 18 in 2011 and May 3 in
2012, and recovered on July 17 in 2011 and July 7 in 2012. The sondes
were equipped with water temperature (resolution: 0.01 °C; accuracy:
±0.15 °C), pH (resolution: 0.01; accuracy: ±0.2), speciﬁc conductivity
(resolution: 1 μS/cm; accuracy: 0.5% or 1 μS/cm), and optical DO (reso-
lution 0.1%Sat. and 0.01 mg/L; accuracy: ±1% of reading and 0.1 mg/L)
sensors (YSI Incorporated, 2009). The sondes were calibrated prior to
deployment and after recovery following the standard methods
outlined by YSI Incorporated (2009). The in situ monitoring data-
logging programs were set up to collect hourly sensor readings for
each sonde. Drift corrections to the data were applied based on the re-
covery calibration data.
In Area 8, the sonde was deployed approximately 100 m offshore in
the northern end of the basin within Kennady Lake, in approximately
4.3m in depth (Fig. 1). In Lake I1, the sondewas deployed near themid-
dle of the lake in a depth of approximately 7.0m (Fig. 1). As both sondes
were deployed in advance of the springmelt in under ice conditions, an
ice hole had to be augured to provide access to the lake. The ice depth
was 1.1 m at Area 8 in 2011 and 2012, and 1.2 m in Lake I1 in 2011
and 2012. The sondes were lowered into the lake through the ice hole
and suspended from a buoy system that was anchored to the lakebed
sediment to keep the sondes upright. In both years, the sondes were
positioned approximately 2.5 m above the lake bed at the monitoring
location in Area 8, and approximately 4 m above the lake bed at the
monitoring location in Lake I1, whichmeant that the sondeswere locat-
ed approximately 2 m and 3 m below the water surface in Area 8 and
Lake I1, respectively. The selection of these depths within the water
column was so that they would remain safe from ice movement and
surface currents during ice break up and the peak of the freshet.
In 2011, Onset HOBOTidbiT v2 (Onset UTBI-001)water temperature
loggers (resolution: 0.02 °C at 25 °C; accuracy: ±0.21 °C; Onset
Computer Corporation, 2015) were also attached to the anchor line
with the sonde in Area 8. The TidbiT loggers were programmed to re-
cord hourly water temperature readings at 2, 3, and 4 m depths. These
data provided ameasure of the vertical temperature proﬁle in Area 8 be-
tween May and July 2011 (TidbiT monitoring was not completed in
2012).
Hydrometric readings of water level or discharge from Area 8 or
Lake I1 were not undertaken in parallel with the extended monitoring
at these lakes. However, hydrometric data were collected from Area 8
in 2013 (Golder Associates Ltd., 2014), which has been used to provide
some context of the timing of freshet and to illustrate the changes to
water level and discharge during the late winter to spring transition. A
continuous measurement station was set up at the outlet of Area 8
(i.e., the outlet of Kennady Lake) to develop stage-discharge relation-
ships for the open-water season and to indicate the timing of the out-
ﬂow opening during the spring melt period. This station was equipped
with a Solinst Levelogger® Edge Model 3001 integrated pressure trans-
ducer and data logger. These data were calibrated with manual dis-
charge and water level data measurements that were collected during
site visits over the logging period. In addition, two Solinst Barologger®
Edge Model 3001 units were installed at the project site to measure
thebarometric pressure to allowpost-processing to adjust themeasure-
ments taken by the Leveloggers® for atmospheric pressure ﬂuctuations.
Air temperature data for project site over the monitoring period in
2012 (datawere not available for 2011)were sourced from the archived
meteorological data downloaded from themeteorological station at theproject site (De Beers Canada Inc., unpublished data). The site meteoro-
logical station included an HMP45C212 temperature and humidity
gauge, positioned at 2 m height, and a Campbell Scientiﬁc CR1000
data logger.
Results and discussion
Surface hydrology
Although hydrometric readings of water level or discharge from
Lake I1 or Area 8 were not undertaken in parallel with the extended
monitoring at these lakes in 2011 and 2012, hydrometric data from
Area 8 prior to and during the spring melt period in 2013 (Golder
Associates Ltd., 2014) showed that peakwater level and peak discharge
conditions occurred between June 1 and June 17 in this instance, after
which lake level and outlet discharge steadily reduced (Fig. 2). This
timing is consistent with anecdotal information from observations by
project personnel in 2011 and 2012, which noted that the timing of
freshet and loss of lake ice cover typically commenced at the end of
May and lasted amonth,with peakwater levels and discharge occurring
in the ﬁrst week of June.
Water temperature and air temperature
Similar trends in temperature changes in both lakes occurred during
the two monitoring periods. Prior to the freshet, the temperature at
the sonde depth (2.5 m above the bottom at Area 8 and 4 m above
the bottom at Lake I1) was 4 °C in Area 8 (Fig. 3a) and 3 °C in Lake I1
(Fig. 3f). With the onset of the freshet in both years, temperatures ini-
tially decreased slightly (between 0.2 °C and 1 °C) as cooler watershed
snowmelt inﬂows entered the lakes. This period of decreased tempera-
tures lasted between 4 and 6 days after which the water column tem-
perature of both lakes increased rapidly (in Area 8, this transition
commenced on June14, 2011, and June5, 2012; in Lake I1, the transition
occurred on June 18, 2011, and June 8, 2012). The rapid warming after
these dates is attributed to the transition of each lake to open-water
conditions. The open-water temperatures in the monitoring period
peaked at 16 °C in Area 8 in both years, and 14 °C in 2011 and 15 °C in
2012 in Lake I1 (Figs. 3a and f).
Temperature changes through the water column of Area 8 in 2011
using the TidbiT loggers showed that for the majority of themonitoring
period, the water column remained thermally homogenous between 2
and 4 m. However, once snowmelt inﬂows started to move through
Area 8, thermal stratiﬁcation developed over a period of 10 days (June
1 to June 11; Fig. 4), which resulted in a variation in temperature of
approximately 1.5 °C between the logging depths. The TidbiT bit
temperature data were consistent with the sonde data and reﬂected
the inﬂuence of cooler, less dense water through the upper portion of
the water column associated with watershed snowmelt (Forsström
et al., 2007).
Air temperature changes at the project in 2012 (temperature data
were not available for 2011) showed a warming transition in the ﬁrst
week of May from sub-zero degree conditions to near or above freezing
(Fig. 5). The increase in temperature at the project from the ﬁrstweek of
April through to June 20, 2012, aligned with an increase in day length
(Fig. 5). Coincident water temperature data in Area 8 over the monitor-
ing period followed trends consistent with air temperature measure-
ments (Fig. 5). Air temperature ﬂuctuations between−5 °C and 21 °C
for the monitoring period showed a large daily variability compared to
the daily water column temperatures, which remained relatively
constant as a result of ice cover until June 9. With the transition to
open-water conditions after this date, the water column temperature
followed the increased air temperature trends, although the water
temperatures remained buffered against the more variable diel shifts
in air temperature.
Fig. 2.Water level and discharge at the outlet of Area 8 in the transition from late winter to spring, 2013. Data sourced from Golder Associates Ltd. (2014).
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Conductivity trends over the monitoring periods in 2011 and 2012
were similar in Area 8 and Lake I1. Conductivity decreased through
the seasonal transition as a result of notable dilution from spring melt
inﬂows and the ice cover melt to the lakes and maintained these
lower levels for the remainder of the observation period. In Area 8,
under ice conductivity values ranged between 25 and 28 μS/cm at the
start of the monitoring periods and decreased to 11 and 13 μS/cm
(Fig. 3b), which represents an approximate dilution of 56–54%, respec-
tively, over the seasonal transition based on the reduction in conductiv-
ity. In Lake I1, under ice conductivity values ranged from 16 μS/cm and
decreased to 11 μS/cm (Fig. 3g), which represents a dilution of 31% in
both years. The higher speciﬁc conductivity measured in each lake
relative to open-water conditions is attributed to the isolation of these
lakes during winter (the lake inlets and outlets freeze to the bottom)
and cryogenic concentration resulting from the exclusion of major
ions through ice formation on the surface of both lakes. Such cryo-
concentration of solutes under ice conditions is a common observation
in subarctic lakes (Pieters and Lawrence, 2014, 2009) and shallow
Antarctic ponds (Schmidt et al., 1991), as is the dilution of these lakes
following spring melt (Forsström et al., 2007). The relative dilution in
both lakes over the monitoring period, assuming that there was com-
plete salt rejection during ice formation, is consistent with an estimate
of the ice contribution to the lake volume based on the ice thickness
on the lake at the time of sonde deployment (the ice thickness repre-
sented an approximate lake volume of 45% of Area 8, and 31% of Lake
I1). The reduction in conductivity observed in Lake I1 was therefore
linked primarily to the dilution afforded by the melt of the ice cover,
with snowmelt inﬂows from the larger upstream watershed of Area 8,
including ﬂow from the Kennady Lake's upstream basins and small
inﬂow tributaries, contributing to the dilution observed during the
monitoring period in Area 8.
The period during which conductivity changed over the seasonal
transition in each lake in both years accounts for the maximum extent
of dilution through snowmelt inﬂows, ice melt, and early spring water
ﬂows that discharge from the lakes. For Area 8, this period varied from
21 days (May 26 to June 16, 2011) to 13 days (May 25 to June 7,
2012). This period is consistent with the peak water level and peak dis-
charge period observed in the 2013 hydrometric data from Area 8 (Fig.
2), which occurred between June 1 and June 17 (18 days). The duration
of the freshet in Lake I1was longer than in Area 8, varying from 28 days
(May 19 to June 16, 2011) to 17 days (May 22 to June 8, 2011).Dissolved oxygen
DO concentration trends during themonitoring period were slightly
different in both lakes, but similar between years. During under ice con-
ditions in Area 8, DO concentrations ranged between 2.8 and 10 mg/L
(20–88% saturation) prior to the period of peak freshet ﬂows through
Area 8 in both years (Fig. 3c and d). When data logging commenced,
DO concentrations were below the Canadian Council of Ministers of
the Environment (1999) lower-bound water quality guideline for the
protection of aquatic life (6.5mg/L), corresponding to less than 50% sat-
uration. Undersaturated DO under ice cover is common to northern
lakes that become isolated by frozen inlet and outlet streams over win-
ter (Pieters and Lawrence, 2009; Forsström et al., 2007; Clilverd et al.,
2009; Wetzel, 2001; Babin and Prepas, 1985; Howard and Prescott,
1973) reﬂecting the limited opportunities for DO replenishment in
these lakes while there is a net oxygen demand associated with decom-
position of organic matter, respiration by aquatic biota, and sediment
oxygen demand (Clilverd et al., 2009; Chambers et al., 2008; Wetzel,
2001). DO concentrations increased over the monitoring periods, and
peaked during the period of conductivity decreases. Increases in DO re-
sulted from the reintroduction of atmospheric exchanges, which initial-
ly start in regions of the lake that become exposed as the ice covermelts
(ice covermelt in early spring initially exposes the shallowmargins and
areas of a lake), and oxygenated inﬂows. Although DO concentrations
(mg/L) declined after reaching their peak, DO remained at or near satu-
ration following peak discharges and remained during the rest of the
monitoring period (Fig. 3d).
In Lake I1, under ice DO concentrations were higher than Area 8
(Fig. 3h) at the onset of the monitoring periods, ranging between 8.2
and 13.8 mg/L in both years. In 2011, DO concentrations were already
at, or slightly above, saturation when monitoring started. In 2012, DO
concentrations were near 70% saturation at deployment until May 21,
when a notable increase in DO concentration on May 21 occurred
(Fig. 4i).
pH
During the monitoring period in both years, pH increased in Area 8
(Fig. 3e) and Lake I1 (Fig. 3j) by more than a pH unit (from approxi-
mately 5.5 to near 7). In Area 8, the pH increase occurred several days
after the conductivity started to decrease (i.e., May 31 in 2011, and
May 30 in 2012), and in Lake I1, the pH transition occurred after the
conductivity had stabilized following the decrease (i.e., after June 22).
Fig. 3. Continuous physico-chemical data during the seasonal transition between late winter and spring in 2011 and 2012 for Area 8 (a, temperature; b, conductivity; c, dissolved oxygen
[mg/L]; d, dissolved oxygen [% saturation]; and e, pH) and Lake I1 (f, temperature; g, conductivity; h, dissolved oxygen [mg/L]; i, dissolved oxygen [% saturation]); and j, pH).
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Fig. 4. Continuous temporal and vertical temperature changes through the water column
(2, 3, and 4 m) in Area 8 during the 2011 monitoring period.
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tions, which were below the lower-bound Canadian Council of
Ministers of the Environment (1999) water quality guideline for the
protection of freshwater aquatic life (6.5), are typical of this
watershed (Golder Associates Ltd., 2014) and have been measured in
other subarctic tundra lakes (Forsström et al., 2007; Howard and
Prescott, 1973). Lakes in Canada with low alkalinities (b10 mg/L as
CaCO3) are susceptible to alterations in pH (National Research Council
of Canada, 1981), which can decrease below lower-bound aquatic life
guidelines. During ice-covered periods, especially in isolated lakes
possessing low ionic strengthwaters, higher relative respiration activity
elevates CO2 concentrations, reducing pH (Wetzel, 2001). The increase
in pH in both lakes through the freshet period is attributed to increased
water column temperatures (CO2 is less soluble in warmer tempera-
tures) and atmospheric CO2 exchange at the air/water interface as the
ice cover on the lakes diminished. Buffering potential from inﬂows to
these lakes was not considered a contributing factor due to the TDS of
the inﬂows being similar to the chemistry in the two study lakes
(i.e., b10 mg/L TDS).Fig. 5.Ambient temperaturemeasured at the Gahcho Kué projectmeteorological station, 2012,
8 and day length (dashed line) for the same period. Ambient temperature data for the Gahcho K
sourced from United States Naval Observatory (2015).Conclusion
The extended monitoring in 2011 and 2012 identiﬁed physico-
chemical changes through the seasonal transition between late winter
and spring, which were generally similar in Area 8 and Lake I1. Snow-
melt into the lakes starts under the snow and ice cover in May of each
year, with peak discharges and water level occurring at the start of
June and lasting for 2–3 weeks. Physico-chemical changes were
sequenced over a period between May and June and were linked to
ambient temperature and hydrologic state. Undersaturated DO concen-
trations, expected in under ice conditions in these lakes, were already
increasing in both lakes (or at saturated conditions as they were in
Lake I1 in 2012) at the start of the monitoring periods, indicating the
occurrence of early freshet melt water inﬂows into these lakes from in-
creasing ambient temperatures in early May. DO concentrations
reached saturated conditions when peak water levels and discharges
were occurring in Area 8, which was around June 10 (approximately
mid-way through lake dilution), and in the third week of May in Lake
I1 (prior to lake ice melting). Temperature in both lakes was relatively
stable (between 3 °C and 4 °C) until near June 1, and then increased
rapidly at a consistent rate in both years reﬂecting lake warming
through peak discharges through the lakes and loss of ice cover until
the last week of June; at this point the lakes were ice-free, and subse-
quent temperatures until the end of the monitoring period followed
air temperature changes. Transitions in pH from slightly acidic to
circumneutral conditions were directly associated with increased
water temperatures and loss of ice cover.
Late winter DO and pH conditions were below generic Canadian
Council of Ministers of the Environment (1999) guidelines for the pro-
tection of aquatic life. However, this is not an unusual characteristic of
small, dilute, shallow northern Shield lakes during late winter condi-
tions, and these lakes do provide overwintering habitat for large-
bodied ﬁsh species, such as lake trout (De Beers Canada Inc., 2010) de-
spite these conditions. The lakes have regions of sufﬁcient depth below
the winter maximum ice thicknesses of greater than 1.5 m (Golder,
2014), which need to retain sufﬁcient DO for aquatic life to survive in
conditions that may be subject to lower DO and pH conditions. While
low pH is more pervasive throughout the lake under ice conditions in
late winter, lowDO is not if deeper regionswithin the lake are available.
Low DO would be expected in closer proximity to the lake bed due to
sediment oxygen demand and is frequently observed particularly inshowing corresponding in situ water temperature at the sonde deployment station in Area
ué Exploration Campwas sourced fromDeBeers (unpublished data). Day length datawere
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well as in shallow zones below the ice. Local adaptations or general
physiological responses by biota to such conditions are expected. For
example, ﬁsh will move to regions in the lake that have higher DO,
but other less mobile aquatic life have to adapt. This adaptation may in-
clude the capacity to support a lower energetic state under low temper-
ature conditions, which may thereby reduce the potential for adverse
effects under low DO and pH until more favorable (higher DO and pH)
conditions return (see Chapman, 2016–in this issue). Despite the late
winter DO in these lakes being below the lower-bound CCME guideline
for the protection of aquatic life when monitoring commenced, it is im-
portant to recognize that from a ﬁsh protection perspective, this guide-
line is based on optimal habitat; the potential lethal limit is typically
much lower. As an example, 4 mg/L is often used for lake trout as the
limit for usable habitat (i.e., lake trout will avoid DO below 4 mg/L at
15 °C or lower; Dillon et al., 2003; Evans et al., 1996; Martin and
Olver, 1980), but the lethal threshold is potentially much lower
(i.e., 1.4–2.9 mg/L; Martin and Olver, 1980). For the lakes in question,
this lower DO limit was reached very brieﬂy (during 1 day) at themon-
itoring location in Area 8 in 2012 (Fig. 3c), but a longer duration of low
DOwould be expected under conditions of increasedwinter oxygen de-
mand if higher productivity occurred as a result of changes in nutrient
and organic matter import to these lakes due to mining activities or al-
lochthonous inputs due to increased rates of regional thaw associated
with climate change.
The above information regarding physico-chemical conditionswith-
in small headwater lakes in the northern Canadian Shield environment
during an extended monitoring period, which included freshet, pro-
vides a unique data set. These results provide a better understanding
of the physico-chemical characteristics and potential stresses on biota
of these lakes, which are in close proximity to an activemine. Future ex-
tended seasonal monitoring to support the aquatics effects monitoring
program required by regulation while the mine is operating, will be
compared to this data set so as to determine if mine activities
(e.g., mine discharges to the receiving environment) result in measur-
able changes to baseline conditions, and present potential impacts to
the water quality and available ﬁsh habitat during winter conditions.
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